Abstract: Many Web-based educational applications are expected to be used by very different groups of users without the assistance of a human teacher. Accordingly there is a need for systems which can adapt to users with very different backgrounds, prior knowledge of the subject and learning goals. An electronic textbook is one of the most prominent varieties of Web-based educational systems. In this paper we describe an approach for developing adaptive electronic textbooks and present InterBookan authoring tool based on this approach which simplifies the development of adaptive electronic textbooks on the Web.
1
Web-based Education
The Case for Adaptation
While many research papers and media publications report substantial success with Web-based education, a careful analysis of the situation and informal discussions with "on-line teachers" show that Web-based education is quite far from achieving its main goal -reaching a wide distance audience in a cost effective And educationally sound manner, and in particular accommodating the requirements of students from underrepresented groups. Most of the positive experiences show that Web-based education works well for well-prepared, well-motivated students in reasonably homogeneous virtual classrooms. An example of a successful area are the masters-level courses for distance graduate students, certificate programs for students with college degrees, and various Web-based courses for sophomore/senior level students who take the course from the same or a remote campus. Web-based teaching of freshman and junior level students who are less prepared and require a lot of attention from a teacher is more difficult. Currently the use of Computer Mediated Communication (CMC) tools to deliver instruction works well for in-campus students, who can visit teachers and assistants in office hours. The worst case is freshman and junior level distance students, who often are supposed to be the main audience for future Web-based education. Current experience shows that distance education works here only when teachers and assistants can afford a lot of time for Web-based, e-mail, or telephone communication with their students (note that any Internet communication is still more time-consuming than real-time phone communication). This is not very encouraging. Current "pioneer" distance students are still special -those who are already reasonably well prepared and motivated to register for a Web-based course, and for whom distance is the only problem (an example is high schools students earning their first credits). What needs to be changed in the current model of Web-based distance education to make it available for less prepared and less motivated students?
We think that one of the difficulties with Web-based education is the course material which currently comes in various forms -lectures, tutorials, examples, quizzes, and assignments. In many current Web-based courses, the course material is still implicitly oriented for a traditional on-campus audience -reasonably homogeneous, reasonably well-prepared and well-motivated students who have access to teachers and assistants to fill possible gaps and resolve misunderstandings. However, Web-based courses are to be used by a much wider variety of users than any campus-based courses. These learners may have very different goals, backgrounds, knowledge levels, and learning capabilities. A Web-based course which is designed with a particular class of users in mind (as it is usually done for on-campus courses) may not suit other users. The only way to enhance it is to make the course material richer and more flexible so that different students can get personalized content and a personalized order of presentation. Current Web-based courses in this respect are not "flexible". In the best case, course material is a network of static hypertext pages with some media enhancement. Neither the teacher nor the delivery system can adapt the course presentation to different students. As a result, some students waste their time learning irrelevant or already known material, and some students fail to understand (or just misunderstand) the material and consequently overload a distance teacher with multiple questions and requests for additional information.
Our suggestion is to develop Web-based courses which can adapt to users with very different backgrounds, prior knowledge of the subject and learning goals. For example, students with specific goals could get some parts of the course in more detail, students with some knowledge of the subject would not be taught the known material again, and less prepared students would get more examples and more problems, starting from the very simple.
We distinguish three levels or steps of increasing complexity on the way to a flexible and adaptive courseware. The first level is to provide a well-designed hypermedia-based course containing all the required educational material: explanations, examples, tests, and problems for students with different learning abilities. The hypermedia interface makes it theoretically possible for each student to find his or her unique path through the hyperspace of learning material. This step could be made in many Web-based courses within the existing framework. However, the first level is not enough for less-prepared students such as many college and university freshman and distance students. These users who have never worked with complex information systems simply cannot cope with advanced hyperspaces offered by modern Web-based applications. They will rarely be able to find a hyperspace path which is most relevant to their knowledge, background and goals. The second step is to let teachers tune a generic course to the needs of particular students and classes by specifying a subset of topics to learn and the order of learning. The third step is to provide adaptive guidance mechanisms specially tailored to accommodate the current knowledge, learning goals, and information seeking tasks of that individual user. Guidance in this context addresses the problem of a users' unproductive wandering, refocussing them on their learning objectives, suggesting logical next steps to inform them about the knowledge structure of the hyperspace, or re-sequencing materials according to their demonstrated knowledge of content. In these cases, the knowledge implicit in the hypermedia is well defined and carefully structured, similar to that found in a textbook. Adaptive guidance is especially important for Web-based courses because in many cases the user is "alone" working with it (probably from home). That is why "external" guidance, in which a colleague or a teacher typically provides adaptively in a normal classroom situation, is not available. We claim that all three steps up to the level of adaptive guidance must be made to turn Web-based education into a way to maximize educational opportunity for every type of learner.
Adaptive Web-based education
A number of research groups worldwide are working now on adaptive Web-based applications driven by the importance of adaptivity in the context of Web-based education (Brusilovsky, Nakabayashi & Ritter, 1997) . Currently, two adaptive hypermedia technologies were used for providing adaptive Web-based course material: adaptive presentation, and adaptive navigation support. Adaptive navigation support (ANS) is aimed to help students to find an "optimal path" through the hyperspace of learning material. The most popular forms of ANS on the Web are direct guidance, annotation, and disabling. Direct guidance was implemented in different forms in the following Web-based systems: ELM-ART-II , CALAT , InterBook (Brusilovsky, Eklund & Schwarz, 1997) , AST , Medtec (Eliot, Neiman & Lamar, 1997) , and DCG (Vassileva, 1997) . Annotation was implemented in InterBook (Brusilovsky, Eklund & Schwarz, 1997) , WEST-KBNS (Eklund & Sawers, 1996) , ELM-ART (Brusilovsky, Schwarz, & Weber, 1996) , and AST . Disabling was implemented in 2L670 (Calvi & De Bra, 1997) .
Adaptive presentation is aimed to adapt the page content to knowledge, goals, and other characteristics of an individual user. It is very important in WWW context where the same "page" has to suit to very different students. Only two systems implement full-fledged adaptive presentation: C-Book (Kay & Kummerfeld, 1994) and 2L670 (Calvi & De Bra, 1997 ).
The problem of authoring
One problem of all existing adaptive Web-based systems is that their development is quite time consuming. Until recently, any Web-based courseware development was time-consuming. Currently, a great variety of tools for developing Web-based courses is available. In addition to small specialized tools which are suitable for developing one of the course components mentioned above, there are many integrated tools which supports development of all course components. Here are just a few most well-known examples of university developed tools: WebCT (Goldberg, Salari & Swoboda, 1996) , Virtual-U (Harasim, Calvert & Groenboer, 1997) , CyberProf (Hubler & Assad, 1995) , Gentler (Thimbleby, 1997) , Albatros (Lai, Chen & Yuan, 1995) , FLAX (Routen, Graves & Ryan, 1997) , and Mallard (Graham & Trick, 1997) . A number of tools originally developed in universities are now commercially available (CourseInfo, 1997; Docent Software Inc., 1997; Interactive Factory, 1997; liveText Publishing, 1997; madDuck Technologies, 1997) . The most well-known commercial tools, TopClass (WBT Systems, 1997) and LearningSpace (Lotus, 1997) , are quite mature and used in many universities. The problem with all the above tools is that none of them supports development of truly adaptive courseware. TopClass (WBT Systems, 1997) is capable of annotating, on an individual basis, folders as "unread" if they contain unvisited pages, or "new" if they contain new material. In this sense, and according to the definition of an adaptive hypermedia system, it is correct to describe TopClass as a weakly adaptive environment offering link annotation in a simple form. However, in this case there is no domain structure, that is, no indication of how information embedded in the pages is related. The rest of the paper describes InterBook, a tool for developing adaptive Web-based courseware. We present the approach behind the tool and provide some information concerning interface, implementation, and evaluation.
InterBook: The Approach
InterBook is based on a specific concept-based approach suggested originally in (Brusilovsky, 1995) and further elaborated by the ELM research group in the process of development an adaptive Web-based LISP textbook ELM-ART (Brusilovsky, Schwarz & Weber, 1996) . ELM-ART happens to be one of the first and most influential adaptive educational system on the Web. A number of existing Web-based adaptive systems are based on the ELM-ART architecture. InterBook is an authoring system which implements this approach. The current metaphor behind the InterBook approach is an electronic textbook (ET) which can be any hierarchically structured hypermedia material. An electronic textbook is also one of the most popular metaphors for representing online course material. Virtually any kind of course material can be represented as an electronic textbook. This section presents the InterBook approach and the current interbook system in some detail.
Content representation
The InterBook approach uses two kinds of knowledge: knowledge about the domain being taught (represented in the form of a domain model) and knowledge about the students (represented in the form of individual student models). The domain model serves as a basis for structuring the content of an adaptive ET. We distinguish two content parts in an adaptive ET: a glossary and a textbook (or a shelf of textbooks).
The domain model and the student model. According to the InterBook approach, the keys to adaptivity in an adaptive ET are the domain model and the student model. The simplest form of domain model is just a set of domain concepts. What we call concepts are named differently in different research papers -topics, knowledge elements, objects, learning outcomes, but in all cases they are just elementary pieces of knowledge for the given domain. Depending on the domain and the application area, concepts can represent bigger or smaller pieces of domain knowledge. A more advanced form of the domain model is a network, with nodes corresponding to domain concepts and links reflecting several kinds of relationships between concepts. This network represents the structure of the domain covered by a hypermedia system. The domain model provides a structure for representation of the student's knowledge of the subject. For each domain model concept, an individual student's knowledge model stores some value which is an estimation of the student knowledge level of this concept. This type of model (called an overlay model) is powerful and flexible: it can independently measure the student's knowledge of different topics. The overlay student model can be kept up-to-date relatively easy. All student actions (page visits, problem-solving, quizzes answering) are tracked and used to increase or decrease knowledge levels for involved concepts. Another component of the student model is the model of student's learning goals. Each student may have an individually assigned learning goal. A learning goal is just a set of concepts to be learned. A sequence of assigned learned goals forms an individual order of learning. Adaptive guidance mechanisms will ensure that the student achieves the first learning goal in a sequence, then the second one, and so forth. An individual order of learning is a convenient interface for the teacher to specify an individual syllabus for a student or a class. It may be done to adapt to special goals or backgrounds of the students, or to a particular textbook. An individual order of learning plus adaptive guidance are the mechanisms which are able to build an unlimited number of personalized adaptive courses from the same course material.
The glossary. The glossary is the central part of the ET. According to our approach, the glossary is considered as a visualized (and externalized) domain network. Each node of the domain network is represented by a node of the hyperspace, while the links between domain network nodes constitute main paths between hyperspace nodes. The structure of the glossary resembles the pedagogical structure of the domain knowledge and, vise versa, each glossary entry corresponds to one of the domain concepts. The links between domain model concepts constitute navigation paths between glossary entries. Thus, the structure of the glossary resembles the pedagogic structure of the domain knowledge. In addition to providing a description of a concept, each glossary entry provides links to all book sections which introduce or require the concept (Figure 1 ). This means that the glossary integrates traditional features of an index and a glossary.
The indexed textbooks. InterBook represents educational material as a set of Electronic Textbooks. A human-written ET represents human teaching expertise on how to introduce the domain concepts to the learners. It is usually a real textbook represented in hypermedia form. Each ET is hierarchically structured into units of different level: chapters, sections, and subsections. Each terminal level unit is an atomic presentation, example, problem, or test. Several ET on the same subject form a bookshelf. To make an ET "more intelligent" and to connect it to the glossary, we have to let the system know what each unit of the textbook is about. This is done by indexing of textbook units with domain model concepts. All books from the same bookshelf are indexed with the same set of domain model concepts. InterBook uses role-based indexing (Osin, 1976) . Each terminal unit has an attached list of related concepts (we call this list spectrum of the unit). For each involved concept, the spectrum represents the name and the role of the concept in the unit. Currently we support two roles: each concept can be either a outcome concept or a prerequisite concept. A concept is included in the spectrum as a outcome concept if some part of this unit presents the piece of knowledge designated by the concept. A concept is included in the spectrum as a prerequisite concept if a student has to know this concept to understand the content of the unit. Part of the InterBook approach is visualization of unit indexes, i.e., showing the set of outcome and prerequisite concepts of a unit on a concept bar to the right of the content of the unit (Figure 2 ).
Figure 1:
A glossary window showing a "page" for production.
Functionality
Domain model-based indexing is a relatively simple but powerful mechanism, because it provides the system with knowledge about the content of its pages: the system knows which concepts are presented on each page and which concepts have to be learned before starting to learn each page. It opens the path for several adaptation techniques presented in this subsection. Advanced navigation. The knowledge about the domain and about the textbook content is used to serve a well-structured hyperspace. The system provides all regular navigation tools: sequential (forward/backward) and hierarchical (up/down) links within unit hierarchy, provides the navigation center for one-click transfer to all sections on the same or upper levels, and generates a table of contents where all entries are clickable links. In addition, it generates links between the glossary and the textbook. The concept bar provides links from each textbook unit to corresponding glossary pages for each involved concept (Figure 2 ). On the other hand, from each glossary page describing a concept the system provides links to all textbook units which can be used to learn this concept (Figure 1 ). These links are not stored in an external format but generated on-the-fly by a special module which takes into account the student's current state of knowledge represented by the student model. This approach not only reduces page design time, but also provides the opportunity for direct guidance, adaptive navigation support, and prerequisite-based help. Direct guidance and adaptive navigation support. The InterBook approach provides many more opportunities for browsing the course materials than traditional on-line textbooks. The negative side of this is that there is a higher risk for the student to get lost in this complex hyperspace. To support the student navigating through the course, the system uses adaptive annotation and direct guidance technologies. Adaptive annotation means that the system uses visual cues (icons, fonts, colors) to show the type and the educational state of each link. Direct guidance means that the system can suggest to the student the next part of the material to be learned. Using the student model, it is possible to distinguish several educational states for each unit of ET: the content of a unit can be known to the student, ready to be learned, or not ready to be learned (the latter example means that some prerequisite knowledge is not yet learned). The icon and the font of each link presented to the student are computed dynamically from the individual student model. They always inform the student about the type and the educational state of the unit behind the link. In InterBook, red means not ready to be learned, green means ready and recommended, and white means no new information. A checkmark is added for already visited units (Figures 1 and 2) . The same mechanism can be used to distinguish and show several levels of students knowledge of the concepts shown on the concept bar. In InterBook, no annotation means "unknown", a small checkmark means "known" (learning started), a medium checkmark means "learned" and a big checkmark means "well-learned" (Figure 1 ). For many students, adaptive guidance provides enough support to make a navigation decision. Those who hesitate to make a choice could push the button "Teach me" and the system will apply several heuristics to select the most suitable node among those ready to be learned.
Prerequisite-based help. Prerequisite-based help is yet another adaptive guidance technique which is problem-driven rather than goal-driven. The system's knowledge about the course material comprises knowledge about what the prerequisite concepts are for any unit of the textbook. Often, when students have problems with understanding some explanation or example or solving a problem, the reason is that some prerequisite material is not understood well. In that case they can request prerequisite-based help (using a special button), and the system generates a list of links to all sections which present some information about background concepts of the current section. This list is adaptively sorted according to the student's knowledge as represented in the student model: more "helpful" sections are listed first. Here "helpful" means how informative the section is to learn about the background concepts. For example, the section which presents information about an unknown background concept is more informative than a section presenting information about a known concept. A section which presents information about two unknown background concepts is more informative than a section presenting information about one concept. Prerequisite-based help is a very suitable technique to support student-driven learning. Students may have different interests in the same course and often jump far ahead in the course to reach the goal part of the material as far as possible. For these students, prerequisite-based help will support backward learning mode, i.e., starting from the goal portion of the course, learn the minimum background knowledge required to understand the goal part.
InterBook Aspects
This sections presents several aspects of InterBook: interface, implementation, and authoring. These aspects are secondary to the adaptive approach implemented in the Interbook. We can envision different interface and different implementations. In particular, authoring in InterBook could be significantly improved. At the same time, the information provided below is essential to complete a description of InterBook.
Interface
InterBook uses advanced features of modern browsers such as multiple windows and frames to provide the student with useful and powerful interface. Main windows used by InterBook are the textbook window (Figure 2 ) and the glossary window (Figure 1) .
The Glossary window is used to view the glossary. The upper part of the window is a list of glossary concepts. The lower part of this window is used to show the glossary entry for a concept. For each concept the system presents the concept description (if provided by the author), the list of section titles (selected from all available textbooks) which present the concept (i.e., which have it as an outcome concept) and the list of section titles which require this concept (i.e., which have it as a background concept). Section titles are clickable links which makes the corresponding section to be loaded to the Textbook window.
The Textbook window is the most important window in InterBook interface. This window is designed to view the main content of a textbook, section by section. It is divided into frames performing different functions. Main frame of the Textbook window is the Text window. This window shows a particular section of the textbook which is called current section. For a terminal section the Text window shows the title of the section and the section itself. For a high-level section the Text window shows the title, the section preface (if existing) and the full table of content for the section (i.e. list of hierarchically structured titles of its subsections down to terminal level). A vertical bar to the right of the Text window is the Concept bar. It is used to show the concepts related with the current section. All names of concepts on the Concept bar are links to the Glossary. The upper part of the Textbook window hosts the navigation center and the toolbox. The navigation center shows the position of the current section in the textbook: it lists the titles of all direct predecessors ("father", "grandfather", etc.) and all "brothers" of the current section. All names of the sections are clickable links. The navigation center serves for both orientation and navigation. The toolbox provides a set of buttons which are used to call additional windows (such as content window, search window, and prerequisite-based help window) which provides additional functionality.
Implementation
The WWW implementation of InterBook is based on the Common Lisp Hypermedia Server CL-HTTP (Mallery, 1994) . CL-HTTP is a fully featured HTTP server completely implemented in Common LISP. CL-HTTP appears to be an optimal platform for our purposes. CL-HTTP offers a Common Gateway Interface to handle incoming URLs. To enable the server to respond to a particular URL, this URL has to be associated to a response function implemented in LISP. Answering an incoming request, the server recognizes a URL, calls an associated function, and passes the received URL and enclosed form values as parameters. In response, the function generates an HTML page. To do that, it can use a comprehensive library of HTML-generating functions. With such an architecture, CL-HTTP is a very flexible and powerful tool for implementing intelligent applications on WWW. Since a LISP function is called to handle the request, any interactive or intelligent tool written in LISP can be connected to WWW with the help of CL-HTTP.
Authoring
Authoring an adaptive electronic textbook can be divided into 5 steps which are described in detail below (see Figure 3) . In brief, an Electronic Textbook is prepared as a specially structured Word file and the task is to convert this file into InterBook format. The result of this process is a file with the Textbook in InterBook format which can be served on WWW by the InterBook system. InterBook recognizes the structure of the document through the use of headers. It means that the titles of the highest level sections should have a pre-defined text style "Header 1", the titles of its subsections should have a pre-defined paragraph style "Header 2", and so forth. The title of the textbook should have paragraph style "Title". The result of this step will be a properly structured MS Word file.
The second step in the authoring process then involves concept-based annotation of the Electronic Textbook (ET) to let InterBook know which concepts stand behind each section. This knowledge allows InterBook to help the reader of the ET in several ways, and the result of this step is an annotated structured MS Word file.
An annotation is a piece of text of special style and format inserted at the beginning of each section (between the section header and the first paragraph). Annotations have special character style (hidden + shadowed) which are not visible in the text window to the reader of the ET. For each unit the author provides a set of outcome and background concepts. In this way, each section is annotated with a set of prerequisite concepts (or terms which exist in other sections which should be read before the current section), and a set of outcome concepts (terms which will be assumed known once the reader has visited the section). The format for the outcome annotation is: (out: concept-name1, concept-name2, etc.) and the format for the background annotation is: (pre: concept-name1, concept-name2, etc.).
Once the annotations are complete the file is saved in RTF format. The RTFtoHTML program (Hector, 1998) with some special settings is used to convert the ET into HTML format. Then the ".html "extension on the file is manually altered to ".inter" so that it can be recognized by the Interbook system.
Lastly, when the InterBook server starts, it parses all interbook files in its "Texts" folder (i.e. all files with extension .inter) and translates it into the list of section frames. Each unit frame contains the name and type of the unit, its spectrum, and its position in the original HTML file. The obtained LISP structure is used by InterBook to serve all the available textbooks on WWW providing the advanced navigation and adaptation features. The content which is presented to the student is generated on-the-fly using the knowledge about the textbook, the student model, and HTML fragments extracted from the original HTML file. These features of InterBook are based on the functionality of the Common Lisp Hypermedia Server (Mallery, 1994) .
As we can see, our tool seriously simplifies the design of adaptive ET on WWW for the authors who use the approach presented in section 2. It provides full support in preparation and serving an ET for the authors who know only how to use the MS Word text processor. An advanced used who have some knowledge of HTML and LISP programming can use our tool more flexibly. For example, an author can bypass step 1 and 2 by preparing the textbook directly in HTML format with annotations provided as specially formatted comments. The author can also replace server response functions and HTML generating functions to implement different structure and different "look and feel" of the be requested by a unique URL. As we mentioned above, to enable the server to respond to a particular URL, this URL has to be associated to a response function implemented in LISP which has to generate an HTML page on the fly as an adaptive response.
Conclusion
In this paper we have argued that the progress in Web-based education is related to the development of adaptive courseware which can accommodate users with very different backgrounds, prior knowledge of the subject and learning goals and which can guide the user adaptively through the course. A special role in this process is to be played by authoring tools for the development of adaptive courseware. The main goal of the paper is to present an example of such a tool, namely the InterBook system. We have provided some details about interface, implementation and authoring in Interbook.
We should also briefly mention some results of evaluation studies of the InterBook approach and the InterBook system which we were unable to discuss in this paper due to space limitations. The InterBook adaptive courseware approach was implemented and evaluated in several systems. Empirical studies with ISIS-Tutor (Brusilovsky & Pesin, 1998) and ELM-ART have shown that this approach is really supportive. In particular, the ELM-ART study demonstrated that both adaptive guidance and adaptive navigation support based on this approach are efficient. Adaptive guidance provides significant assistance for novices while adaptive navigation support provides significant assistance for more experienced users. Our recent evaluation of InterBook (Brusilovsky & Eklund, 1998) shows also that InterBook adaptation mechanisms work quite well. Our positive experiences with InterBook give us hope that InterBook could be used as a model for creating more powerful authoring tools for development adaptive Web-based education.
